ABSTRACT: In this paper, a synchronization scheme for complex delayed dynamical networks with two couplings is investigated via periodically intermittent control methods. The scheme contains system delay and coupling delay, and its coupling matrixes are nonsymmetric. Some exponential synchronization criteria are derived on strict mathematics proofs. And neither dynamical system delay nor coupling delay of the scheme depends on the control width and the non-control width. At last, a numerical simulation shows effectiveness of the proposed scheme.
INTRODUCTION
In 1998, Pecora and Carroll [1] proposed master stability functi amount of work has been devoted to the study of synchronization in complex networks. Meanwhile, many control methods have been developed to drive complex networks to synchronize such as pinning control [2] [3] [4] [5] [6] [7] [8] , intermittent control [9] [10] [11] [12] [13] and so on.
In some networks circumstance, delayed couplings can be ignored on some links in the complex network, and others caused by traffic congestions and long distance between two nodes are significant, and must be considered. In [12] [13] [14] [15] [16] , the synchronization in complex networks with both non-delayed and delayed couplings has been investigated. Further, for neural networks with multiple time-varying delays, Zhang investigated its the global asymptotic stability, and obtained less conservative results [17, 18] .
Intermittent control has been widely used in many fields of application. Yang et al. [9] considered a coupled neural network model with diffusively couplings and stochastic perturbations by utilizing intermittent control, and obtained several sufficient conditions ensuring exponential synchronization. In [10] , intermittent control was extended to study a complex network with time-varying discrete delayed coupling. In [11] , the exponential synchronization for a class of complex networks with finite distributed delayed coupling is studied via periodically intermittent control, in which the synchronized state is a non-decoupled state. To the best of our knowledge, the existing synchronization schemes only have one delay.
In the paper, periodically intermittent control methods are used to investigate a synchronization scheme for complex delayed dynamical networks with non-delayed and delayed couplings, including system delay and coupling delay, and some exponential synchronization criteria are derived when the coupling matrixes are nonsymmetric. The proposed scheme is more close to the reality and is suitable for a broader range of applications. Moreover, for a class of complex delayed dynamical networks, some sufficient conditions are obtained to ensure global exponential synchronization. A numerical simulation gives effectiveness of the scheme.
PRELIMINARIES
Consider a complex dynamical network of N identical coupled nodes, which is described by 0 1 ( 1, 2, , ) ,
where 
From Eqs. (1), (2), (3) and (4), we can obtain the following error system:
( 1, 2, , ).
Next, we present some hypothesises and lemmas for later use.
Hypothesis 1[11]
There exist a constant 1 L and a positive constant 2 L such that f satisfies the following inequality:
for any , n  x y R . Lemma 1 [19] Let X and Y be arbitrary ndimensional real vectors, K be a positive definite matrix, and nn   PR. Then, the following matrix inequality holds:
Lemma 2 [20] 
is a unit matrix of order N , 12 ( , ,..., ) First, we show that  is the unique positive solution of the above equation. Denote
 , and
. Hence,  is the unique positive solution of the equation:
Proof: We assume the candidate Lyapunov function:
By differentiating the () Vt along the trajectories and using Eqs, using (2), (4), (5) and Hypothesis 1, we can obtain 
 e e e e 00 T 0 11
 e e e e 00 T 0 11 
e e e B B e  
-e e e e e e 0 0 
V t V t L V t V t t mT m T
Next, we will prove that
Otherwise, there exists a, 1 [0, )
Qt . This leads to a contradiction with the Eq. (11). Hence, Eq. (10) holds. Now, we prove that
Otherwise, there exists a 1 
(1) if 
T t t      and 11
tT    ,
Hence,
This leads to a contradiction with the Eq. (14) . Hence, Eq. (13) holds.
From the above analysis, we can obtain
We further consider the case of
Otherwise, there exists a 2 [ ,
it contradicts the Eq. (18),so Eq. (17) holds.
It contradicts the Eq. (21), so Eq. (20) holds.
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By induction, we can derive the following estimation of () Wt for any integer m .
and for ( ) 
and for ( Next, we analyze the synchronization conditions for the scheme. 
CONCLUSIONS
In this paper, we introduce the scheme for complex delayed dynamical networks with two couplings via periodically intermittent control. Some exponential synchronization criteria are obtained, and the derived results are less conservative. The scheme is suitable for a broader range of applications. Finally, a numerical simulation shows effectiveness of the scheme.
